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Exploration of the Sea 
ERRATA TO C.M.l981/C:2 - Third Report of the Marine 
Chemistry Working Group 
page 3 - para. 4·9 - add: 
The six PCB compounds are as follows: 
Peak no. Structure 
28 2, 4 - 4' 
52 2, 5 - 21' 5' 
101 2, 4, 5 - 2'' 5' 
138 2, 3' 4 - 2'' 4'' 5' 
153 2, 4, 5 - 2'' 4'' 5' 
180 2, 3' 4, 5 - 2'' 4'' 5' 
page 3, para. 4.12, in second line, delete: "on humans". 
page 5, para. 5.2.4, change first sentence as follows: 
"The Group agreed that these investigations should continue 
intersessionally. The scientists participating are listed 
in Annex 8." 
pag~ 6, para. 6.4, add the underlined words: 
"compare data from different areas from different laboratories 
page 7, para. 6.7.2, change first two sentences to read as follows: 
"The 5th ICES organochlorine intercalibration exercise has 
demonstrated that with oils containing l or 2 ~g PCB/g inter-
laboratory coefficients of variation of 31% and 28%, 
respectively, are found among the 23 participating laboratories. 
Results on other organochlorine compounds demonstrated much 
higher variance than for PCB results in general, presumably 
due to the low levels present (see the values given in Table II)." 
page 12, para. 6.9, add at the end of paragraph: 
"This contribution by ICES had been duly recognised by the 
organisere of and participants in the exercise." 
p.t.o. 
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page 15 - para. 8.4, add the following: "It was stressed that it 
would be useful for the Group to have in the futura 
similar short presentations on subjects of interest 
to its activities because of the wide diversity of 
interests of the members. The Chairman accepted this 
proposal and agreed to consider it when planning the 
next meeting." 
New annex - ANNEX 8 
PCB STUDIES 
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exercise are investigating the possibility that analyses of individual 
PCB compounds would yield a lower interlaboratory variance in results: 
Dr. J. Lue Charlou 
Centre Nat. pour l'Exploitation des Oceans 
Centre Oceanslogique de Bretagne 
BP 337, 29273 Brest Cedex 
Franc:e 
Dr J. Portmann 
H.P •. F.F. 
Burnham-on-Crouch 
Zssex - U.K. 
Mrs. dr. M.A.T. Kerkhoff 
Netherlands Institute of Fishery Investigations 
Postbus 68, 1970 AB lJ muiden 
Holland 
Dr. L.G.M. Tuinstra 
Rijks-K~valiteitsinstituut voor hand-en 
Tuinbo~produkten, Postbus 230 
6700 AE Hageningen 
Holland 
Mr. J.C. Duinker 
Nederlands Instituut voor Onderzoek der Zee 
Postbus 59, Texel 
The Netherlands 
Dr. Bjarne BØe 
Fiskeridirektoratets Sentrallaboratorium 
Mpllendalsveien 4, P.O. Box 185 
5001 Bergen, Norway 
Nr. K.H. Palmork 
Fiskeridirektoratels Havforskningsinstuut 
Norduesparken 2, PO Box 1870-72 
5011 Bergen-Nordnes, Norway 
Ns. E. Baumann Ofstad 
Sentralinstituttet for Industriel Forskning 
Forskningsveien l, PO Box 350 
Blindern, Oslo 3, Norway 
Dr. Ross Norstrom 
Environment Canada 
National Wildlife Research Center 
Canadian Wildlife Service 
Otta!va, Ontario 
KlA OE7 
Thia Report not to be quoted without prior reference to the Councilx) 
International Council for the 
Exploration of the Sea 
C.M.l981/C:2 
Hydrography Committee 
Ref. Marine Environmental Quality 
Committee 
THIRD REPORT OF THE MARINE CHEMISTRY WORKING GROUP 
Nantes, 16-19 February 1981 
This document is a report of a Working Group of the 
International Council for the Exploration of the Sea 
and does not necessarily represent the views of the 
Council. Therefore, it should not be quoted without 
consultation with the General Secretary. 
x) General Secretary 
ICES, 
Palægade 2-4 
DK 1261 Copenhagen K, Denmark 

TABLE OF CONTENTS 
l. Opening of Meeting and Adoption of Agenda ............................ . l 
2. Report of the 68th Statutory Meeting ................................. . l 
3. International Activities of interest to the Group •.................... l 
3.1. ICES/SCOR Working Group on the study of the Pollution of the 
Baltic.......................................................... l 
3.2. Joint Monitoring Group of Oslo and Paris Commissions ............. 2 
4. Reports on Projects and Studies from Working Group members ........... . 2 
5. Reports of the Intercalibration Studies for Heavy metals and 
Organochlorines .......................................................... 4 
5.1. Cd and Pb in Biological Material .................................. 4 
5.2. PCBs and other organochlorines in Fish Oil ......................... 5 
6. Future Activities Following Intercalibration Exercises ................. 6 
7. Studies on Petroleum Hydrocarbon Analysis .............................. 12 
7 .L Report on the Intercomparison Study ............................... 12 
7.2. Report on the Questionnaire on Sampling and Analysis of Sea vlater. 
Sediments and Biota for Trace Organic Compounds ................ '13 
7.3. Reports on Other National or International Intercomparison Studiesl3 
7.4. Future Activities •.............................................. 14 
8. Carbon Dioxide Cycling in the Oceans ................................... 15 
9. The Use of Tracers for the Study of the Movement of Substances in the 
Marine Environment. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 15 
10. Methods for Primary Production as an Alternative to the l4C Method -
Techniques and Concepts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
11. Programme for the Publication of Leaflets on "Techniques in Marine 
Chemistry" •............................................................ 16 
12. Possibilities of further Work on Problems Related to Incineration at 
Sea ...................................................................• 17 
13. Overviews on Fluxes and Transport of Pollutants in the Marine 
Environment ............................................................. 17 
13 .l. Cadmium........................................................ 17 
13 . 2 . PCBs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 7 
14. Methodology for the Measurement of River Inputs ......................... 19 
15. Development of Standard Samples with Pollutants at Ambient Levels ..... 19 
cont'd 
...• cont 1d 
P age 
16. Any Other Business .•.........................•.................... 19 
17 Approval of Recommendations and Deadlines ......................•• 19 
18. Closure of the Meeting ............................................ 19 
Ann ex l Agenda........................................... 20 
Ann ex 2 List of Participants ........................•.... 21 
Ann ex 3 5th Round Intercalibration on Trace Elements in 
Sea Water .•...... , ................................ 24 
Annex 4 Determination of Primary Production from changes 
of co2 , 02 , and Nutrients in the Open Water ...... 26 
Ann ex 5 Recommendations. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 29 
Ann ex 6 Action List. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 30 
Ann ex 7 The co2 Problem. . . . • . . . . . . . . . . . . • . . . . . . . . . • . . . . . 31 
REPORT OF THE THIRD MEEll'ING OF THE MARINE CHEMISTRY WORKING GROUP 
Nantes, 16-19 February 1981 
l. OPENING OF MEEll'ING AND ADOPTION OF AGENDA 
1.1. The Chairman, Dr (Ms) M de Barros, opened the meeting at lO.OOhrs on 
16 February 1981 and welcomed the participants. 
1.2. Professor C. Maurin, Director of the Institut Scientifique et Technique des 
P~ches Maritimes, Nantes, which hosted the meeting, vTelcomed the participants 
to his Institute and to Nantes. He provided some information about the Institute 
and the region in which it is located. 
1.3. The Working Group then considered and adopted the agenda, vThich is attached 
as Annex l. The list of participants is attached as Annex 2. The ICES 
Environment Officer acted as Rapporteur. 
2. REPORT OF THE 68th STATUTORY MEEll'ING 
2.1. The Working Group was informed that the Report of the Secomd Meeting of the 
Working Group had been considered at the Joint Session on Marine Chemistry at 
the 1980 Statutory Meeting. The recommendations had been discussed and the 
following were accepted : (a) the recommendations that the report of the sixth 
intercomparison exercise on trace meta1sin biological materials (c. Res. 1980/1:7), 
and the reports of the intercalibration exercises on mercury and cadmium in 
sea vrater (c. Res. 1980/1:6) be published in the Cooperative Research Report 
series, (b) the recommendation that a new series of leaflet publications 
entitled "Techniques in Marine Chemistry, "be established (c. Res. 1980/1:3), 
(c) the recommendation that ad hoc intercalibrations of nutrient analyses 
be conducted and results report'6';lto ICES (c. Res. 1980/4:8), and (d) the 
recommendation for the third meeting of the Working Group (c. Res. 1980/2:7). 
2.2. Two recommendations had not been accepted: the recommendation on the 
publication of the report of the intercalibration exercise on PCBs because the 
final repo~t ~as not available at the time of the meeting, and the recommendation 
on the publication of the results of the first intercomparison exercise on 
petroleum hydrocarbons because the Committees felt that.the report should be 
discussed by MCWG given that it was the first report on tnis subject. 
3. INTERNATIONAL ACTIVITIES OF INTEREST TO THE GROUP 
3.1. ICESJsCOR Working Group on the Study of the Pollution of the Baltic 
3.1.1. The MCWG was informed about the major relevant activities of the ICES/SCOR 
Working Group : (l) the work on evaluation of the results of the Baltic Open Sea 
Experiment (BOSEX) was nearly finished, (2) plans are being developed for a 
study of patchiness in the distribution of physical, chemical and biological 
parameters in the Baltic Sea, and (3) a study is being planned on the 
biogeochemical cycling of substances in the Baltic Sea and relevant modelling 
aspects. 
3.1.2. The Group was also informed that an assessment of the effects of pollution in 
the Baltic Sea, prepared under the auspices of the Helsinki Commission with 
the assistance of ICES, was nearly completed. The document contains a review 
of the basic information on the physical, chemical and biological characteristics 
of the Bal tie Sea as 1vell as data on the poll ut ion leve l. 
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3.1.3. Information was also provided ooncerning a workshop on the determination of 
petroleum hydrocarbons in sea water which will be held in March 1981 in.Kiel 
in the framework of the Helsinki Commission. 
3.2. Joint Monitoring Group of Oslo and Paris Commissions 
3.2.1. Dr Weichart summarized the recent activities of the Joint Monitoring Group (JMG), noting that the contribution of ICES to the work of this Group was 
appreciated. 
3.2.2. The MCWG was further informed that the report on the rcsults of the JMG 
intercalibration exercise on the analyses of certain trace elements in 
sediments would be a;railable soon. The Environment Officer was requested to 
ensure that MCWG members without normal access to this report would be able 
to receive a oopy. 
The MCWG also noted that the European Ebonomic Community has funded the conduc 
of an intercalibration of PCB analyses in sea water for the JMG. 'l'he resul ts 
of this exercise will not be available for several months. 
In closing discussion on this topio, the MCWG stressed that it would like to 
see close links between ICES and the Oslo and Paris Commissions in all 
areas under study by MCWG. 
Others 
nr-Jensen reported that Denmark will sponsor a biological intercalibration 
workshop in May 1982 under the framework of the Helsinki Commission. Nutrient 
analyses may possibly also be intercalibrated in this workshop. 
REPORTS ON PROJEDTS .AND STUDIES FROM WORKING GROUP :MEMBERS 
Dr Topp±greported on studies which were conducted to determine the route of 
uptake of cadmium by crabs. The results of the study show that the cadmium 
distribution observed occurs via uptake through food as ~pposed to water. 
Further studies are under way to identify which food items are the most important 
sources of cadmium. In another investigation, good correlations have been found 
betw~en the concentrations of mercury, methyl-mercury, and carbon ~n 
settlement material. 
Dr Harms informed the Group about two studies being conducted in his Institute. 
In one study, tank experiments had been used to determine the uptake and effeots 
of mercury on fish. The results showed that natural sea water must be used to 
obtain valid information.In the seoond investigation, a reliable means of 
determining lead concentrations in marine organisms is being developed. 
Radioisotopes are used to determine the critical steps in the analysis. 
Dr Windom provided information on an experimental programme using sediment 
microcosms to determine the uptake of metals in sediments by worms. It has been 
determined that the nutritional quality of the bottom deposit is an important 
factor in the amount of metals absorbed, with increased amounts of metals being 
absorbed in areas with poorer food values of deposits. 
Dr Portmann reported the results of a survey of the distribution of HCB and 
HCED, in which HCB was found in virtually all samples of fish from areas where 
inputs of HCB were expected. In contrast, HCBD was only detected in mussel 
samples from one estuary~- : 
Dr Law informed the Group that a small survey has been carried out in England 
to determine the concentration of phthalate esters in water, sediments and certain 
fish and shellfish. In another investigation, the inputs of petroleum hydrocarbons 
to the North Sea from cuttings from drilling operations are bei~g studied. 
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4.6. This latter topic brought up a discussion of the types of additives which are 
put into drilling muds, including diesel fuels and biocides. Although the exact 
nature of some of these additives is difficult to determine, the Group felt that 
the Advisory Committee on Marine Pollution should be made aware of this issue. 
4.7. Dr Bermon reported on a programme under the National Research Council of Canada 
to develop reference materials for trace elements in sediments and sea water. 
This topic is covered in detail under Agenda Item 15. 
4.8. Dr Uthe provided information on two studies the results of which were reported at 
the 1980 Statutory Meeting: (l) a study of phthalate ester concentrations in finfish 
(O.M. 1980/E:ll) and (2) a determination of petroleum hydrocarbons in lobster 
digestive glands (O.M. 1980/E:lO). 
4.9. Dr Kerkhoff described recent Dutch studies to develop a better method to quantify 
PCBs in various samples when using high resolution glass capillary columns. Her 
colleagues Tuinstra et al (O.M. 1980/E:l4) described earlier the large variations 
in values of total PCBs obtained by using different calculation procedures. She 
then presented a paper on her own work to identify which individual PCB compounds 
would be best to use in quantifying PCBs in several types of samples. She 
identified four criteria on which the selection of appropriate PCB compounds should 
be made: 
4.10. 
4.11. 
4.12. 
1) the selected PCBs should be representative of all industrial PCB mixtures, 
2) they should be representative of all compartments of the marine environment, 
3) they must be well separated on a glass capillary column, and 
4) they should be the most important compounds in terms of their toxicity. 
However, because the information about the toxicity of individual PCB compounds 
is insufficient, only the first three criteria can be used to select the PCB 
compounds to be used in quantitation. Dr Kerkhoff then proposed six specific PCB 
compounds to be used for routine analyses intended for monitoring purposes. 
In the discussion of this subject, it was stressed that there is a great need for 
biological data on the toxicity, metabolism, sub-lethal effects, etc. of individual 
PCB compounds, so that the chemists can learn whether they are measuring the 
substances of real biological significance. In view of the new possibility of being 
able to analyze the components of a PCB mixture, toxicity information on 
individual compounds can now be used. 
Thus the Group felt that the biologists should be asked to study the toxicity of 
individual PCB compounds and determine which are the most toxic. The se should then 
be subjected to study and monitoring. The Group recognized that this is a difficult 
task, requiring a great deal of work, but it felt that ~ithout such information, it 
vras not possible to interpret fully the meaning of the analytical data now· being 
produced. 
Dr Farrington added that, in addition to the need to study the toxicity of 
individual PCB compounds on humans, such compounds should be studied in terms of the 
transfer of PCBs from the coastal zone to the oceans. He noted that, if the 
background levels of PCBs in sea v1ater can be determined very soon, PCB compounds 
can be used as tracers to study the movementof organic compounds in the sea, m2x2ng 
processes in the ocean. etc. The issue of PCBs should be looked at not only in 
terms ofPollution·, but also in terms of how we can use them to understand ocean 
processes. 
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5. REPORTS OF TRE INTERCALIBRATION STtiDIES FOR HElA VY MEJllALS AND ORGANOCill..ORililES 
5.1. Cd and Pb in biological material 
5.1.1. Dr Topping,as Coordinator, reported on the results of the 6th intercalibration 
exercise on trace metals in biological materials, which had the objective of 
determining the degree of comparability of results among laboratories at the 
ooncentrations of cadmium and lead whioh are found in shellfish. He informed 
the Group that two samples, one oonsisting of the white meat of edible crab 
and the other of oommercial fish meal, had been distributed to all participants, 
while a more limited distribution had been made of the third sample, lobster 
liver. In all, 52 participants had taken part in the exercise. 
5.1.2. The resu1ts of theanalyses for cadmium showed a coefficient of variation of 
17% at its level in shellfish (ca. lpg/g(dry weight). Dr Topping felt that this 
was probably the best result possible with so many participants. For lead, howeve~­
the results were still very poor, even for the sample with a high concentration 
(ca. 2.5 pg/g dry weight) of lead (CV 47%). On the basis of these results, Dr 
Tapping proposed that no further intercalibrations should be conducted at the 
present time, but that an agreed method of analysis should be developed. 
5.1.3. The MCWG approved the report on the results of this intercalibration exercise 
for publication, subject to minor modifications and additions, which Dr Tapping 
agreed to make. The additional material included the preparation of a surnrnary 
table comparing the results of analyses obtained according to each method and an 
annex stating the methods used by each laboratory. The Group expressed its great 
appreciation to Dr Tapping for his excellent work in coordinating the exercise 
and evaluating the resu1ts. 
5.1.6. 
The question was raised concerning what ICES should advise on the possibil~ty 
that lead may be includl.ed in the Joint Monitoring Programme of JMG. The Group 
agreed that, as the results for lead vary from laboratory to laboratory within 
an order of magnitude, they could not encourage the establishment of a monitoring 
programme with lead. 
In order to advance the state of the art of lead analyses, a small sub-group 
met to prepare a proposal for experiments to identify problems in the determination 
of lead in biological materials. The sub-group oonsisted of Dr Harms 
(Chairman), Dr Berman, Dr Jensen, Mr Olafsson, Dr Tapping and Dr Windom. They 
proposed that a set of experiments be carried out by a small number of laboratories 
(about 6) with planned overlap in order to ensure valid corroboration. The 
surplus supply of sample "B" from the sixth trace metal intercalibration will be 
used, as it contains a concentration of lead high enough to promise relatively 
good accuracy and precision. The main method of measurement will be atomic 
absorption spectrometry (flame or graphite furnace) because over 90 % of the 
participants in the recent intercalibration exercise used this method. However, 
the application of anodic stripping voltammetry will also be examined. The topics 
of investigation will include: (l) dissolution of the sample, (2) direct 
determination by atomic absorption spectrometry,(3) solvent extraction of lead 
frem the matrix, (4) calibration, and (5) the blank. The exchange of information 
among participating laboratories will take place by correspondence but the sub-
group requested that it be authorized to meet the day before the next meeting of 
MCWG to disouss the results of their work. 
The Chairman reminded the Group that the Working Group on Marine Pollution 
Baseline and Monitoring Studies in the North Atlantic had requested that 
information be provided on the degree of comparability of data among laboratories 
for each metal at a given concentration which is being studied in the Coordinated 
Monitoring Programme,i. It ,.,as agreed that this subject vmuld be taken up under 
Agenda Item 6. 
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5.2. PCBs and other organochlorines in fish oil 
5.2.1. Dr Uthe, Coordinator of the fifth intercalibration exercise on the analysis 
of PCBs and other organochlorine compounds in biological material~ presented 
the report on the results of this exercise to the Group. He stated that 
data had been received from 23 out of 24 participants. The results showed that 
there ia still a large variation in the values obtained for PCB analyses by 
different laboratories. The exercise had also examined the results obtained 
using a common PCB standard or a common method of calculation versus those 
obtained using the laboratory's own standard or own method of calculation. 
Dr Uthe stated that he had been unable to find any difference in values 
regardless of whether the participants had used their own PCB standard or the 
common standard and regardless of whether they had quantified using their own 
method of calculation or the common method. It appeared that systematic 
error contributed significantly to the variance in results. The results of the 
exercise had also revealed other differences in results depending on the type of 
column used and whether florisil or alumina is used in the clean-up .step. 
5.2.2. It was agreed that members with comments on the report should send them to Dr 
Uthe so that they arrive by l April 1981. The Working'Group accepted the report 
as may be slightly amended, and recommended that it be published in the 
Cooperative Research Report series (Recommendation 1). The Group expressed its 
great appreciation to Dr Uthe for his excellent work in coordinating this 
exercise. 
5.2.3. ~r Uthe further reported that the responses from the laboratories participating 
1n the 5th ICES organochlorine intercalibration study had included two replies 
in which the analysts had determined the concentrations of certain individual 
polychlorinated biphenyl (PCB) isomers in the two fish oils. The overall 
agreement between these two laboratories 1·ras good, surpassing the usual level 
of agreement found among laboratories reporting results based upon a certain 
commercial mixture, such as Aroclor 1254. In order to investigate the possibilitv 
that analysis of PCB isomers would yield inter1aboratory :resu1ts with a mtich 
lowex variance than that found in the 5th exerc1se, Dr uthe had requested 
that a num ber of laboratories analyse ne1vly prepared ki ts of the stock oils as 
well as Aroclor 1254. Two additional sets of results were received during the 
meeting. Dr Uthe noted that a preliminary variance is lessened by this approach 
especially if only isomers common to each participant are considered. Five of ' 
these nine common isomers (IUPAC N° 52, 101, 153, 138, and ·180)are also on Dr 
Kerkhoff 1s list of PCB isomers recommended for future study. A study of the 
highest and lowest reported values for each oil showed that none of the 
laboratories reported consistently high or low results. 
5.2.4. The Group was informed that these investigations will continue intersessionally. 
v/hen all the results are available, a full assessment 1vill be made. If the work 
is completed in time, Dr Uthe agreed that he and his collaborators would submit 
a report on the results to the 1981 Statutory Meeting. 
It was further agreed that, following the interpretationof the results of this 
study, Dr U the in consul tat ion wi th Drs KerkhofT and Palmork should prepare a 
draft protocol for a sixth PCB intercomparison study. This document should be 
based on the likelihood of improved performance being obtained as compared to the 
previous intercalibration studies. The plans should reflect the recommendation 
made in Dr Uthe 1s report on the fifth organochlorine intercalibration exercise 
as well as the information resulting from the PCB isomeric composition study. 
The intercalibration should include (l) the use of a standard analytical method 
and calculation~rocedure, (2) a comparison of results using Florisil versus 
alumina, and (3) the determination of individual PCB isomers. Based on this 
outline proposal, the Working Group recommended that the intercalibration exercise 
be conducted in 1982 with Dr Uthe as Coordinator (seeRecommendation 2) and looked 
forward to reviewing the detailed protocol for the exeroise at i ts next meeting. 
Dr Kerkhoff asked to be put on record that she had ~xpressed doubts as to whether 
the new intercalibration could result in improvements in the comparability of 
PCB re sul ts. 
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6. .~URE ACTIVITIES FOLLOWING THE INTERCALIBRATION EXERCISES 
6.1. It was noted that Document C.M. 1980/E:45 had been discussed at the 1980 
Statutory Meeting and had been referred to the Working Group with the request 
that it be considered by the marine chemists who should advise the Working 
Group on Marine Pollution Baseline and Monitoring Studies in the North Atlantic 
on the implications for coordinatedmonitoring. 
6.2. Dr Tapping introduced the pa~e~, which he had co-authored with Dr Holden. In 
doing so, he explained that the intention had been to draw attention to aertain 
short-comings and toprovoke discussion. However, they had been unable tn R~nid 
the conclusion that the agreement among laboratories on the results of the 
analysis of single samples did not warrant the compilation and comparison of 
data from numerous laboratories. This conclusion applied equally to metals and 
organochlorine compounds. He also mentioned that after suitable revision, they 
would like to publish the conclusions they had reached in the open literature. 
6.3. There vras general support for the idea that considerable caution should be 
exercised in the comparison of the results obtained by different laboratories 
on different samples from different areas. Some members indicated that they · -. -
welcomed the idea of onen publication of this paper as a means of warning other 
organisations that it is not yet.appropriate to attempt large-scale compilations 
or data from multiple sources. However,other members of the Group pointed out 
that the general tenor of the paper was one of almost extreme pessimism. As such, 
it was open to misunderstandil~, particularly by administrators, but also by 
scientists who were not fully aware of the details of ICES activities. These 
members indicated that mention should be made of, and emphasis plaoed on, 
the advances that had been made and what it is now possible to achieve 
as a re sult of the work done to date • It 1vas pointed out that, as a re sult of 
the work in ICES, it had been possible to show that certain areas were more 
contaminated than others, that controls ought to be applied to the use and input 
to the marine environment of certain pollutants, and that it was desirable 
that data for these pollutants and areas should be collected on an on-going basis. 
6.4, While there was general agreement that it probably was not possible to compare 
data from different laboratories, it was pointed out that the ICES coordinated 
monitoring reports did not do this and, in fact, specifically cautioned against 
reading too much into apparent differences of two-or three-fold. In addition, 
based on the results of the intercalibration exercises, the coordinated 
monitoring reports did not include all data submitted to the ICES Secretariat; 
same data, e.g., on lead and cadmium, were rejected. 
6.5. Finally,it was pointed out that the exercises conducted within the ICES 
framework have produced better results than most other similar exercises. They 
have also allowed positive statements to be made on what concentrations of a 
number of pollutants were really likely to be present in fish or shellfish. 
6.6. Dr Tapping indicated that he had taken note of all these points of view. He and 
Dr Holden would take them into consideration, along with a number of written 
comments which they had received, when they considered revising the paper for 
open literature publication. He also indicated that they would offer those 
members who had expressed their views particularly strongly an opportunity to 
see the final paper prior to publication. 
6.7. The Working Group then turned to the question of 1vhat positive advice could be 
offered to the Working Group on Marine Pollution B~seline and Monitoring Studies 
in the North Atlantic concerning which substances •uay be studied in a 
monitoring programme and wi th what limi tations. There was a g-.ceat deal of 
discussion on the value of presenting the i,lformation on the basis of what 
coefficient of variation (ev) has been obta .. ned for which metal at 1·rhich 
concentration. As analysts, Working Group nF!illbers did not feel that the CVs 
for the metals were acceptable. However, it was finally agreed that the CVs 
should be listed which had been obtained in the trace metal intercomparison 
exercises so that persons involved in monitoring programmes can better 
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evaluate the information obtained. Ultimately, it was up to the scientists running 
monitoring programmes to define what level of CV is needed. Thus the Working 
Group agreed to the following statement concer.ning the comparability of analytical 
results: 
6.7.1. On the basis of the results reported in the second through sixth ICES tr~ce 
metal intercomparison exercises for biological tissues, as summarised inT~b~e 1, 
it would seem that 
6.7.2. 
6.7.3. 
6.7.4. 
6.8. 
a) the majority of participants in these exercises are capable of produc_ing data 
for Cu, Zn, Hg, and Cd at tissue concentrations (on a dry weignt oas1s) of about 
l 1~/g, 2o Mg/g, 0,2 ~/g and l gg/g, respecttvely, with CVs as indicated in the 
table. · 
b) at lower concentrations of cadmium (i.e., those found in fish flesh,~0.02~/gj 
most participants experienced difficulty in their analysis and, consequently, the 
CVs are higher, 
c) although there are a small number of participants who have little difficulty 
in anal~si.s of tissue containing 0.02 - 0.3 llg Pb/g: (dry weight), the majority 
of partlClpants are only capable of .producing data with a CV {.50% at a 
concentration of ~ 2 ~g Pb/g. 
The 5th ICES organochlorine intercalibration exercise has demonstrated that with 
oils containing 1 or 2 llg PCBjg, ~nterlaborato:ry- standru;:d deviations of 2Efj(, and 
31 %)respectively, are found within the twenty-three participating laboratories. 
Results on other organochlorine compounds demonstrated much strenger variance 
than PCB results in general, presumably due to the low levels present (see the 
values given in Tab1e II). The v/orking Group on Pollution Baseline and Monitoring 
Studies in the North Atlantic should decide whether this degree of precision is 
sufficient for their coordinated monitoring studies. A number of papers1 e.g., ICES Documents O.M. 1980/E:l4, E:22, E:3~have indicated that improvement may be 
achieved by quantitation of individual peaks. This is being investigated further 
and it is expected that, at least for PCBs, a significant improvement will be 
possible for those laboratories \oThich employ the ne\v methodology. 
It should be noted that, taken as a group, the laboratories which contribute data 
to the Coordinating Monitoring Programme are not significantly better than the 
participants of the intercalibration exercises taken as a whole. The results 
do anpear to indicate that the CV is lower at higher concentrations of most 
residues. 
As analysts, the Group does not consider the results achieved to be satisfactory. 
However, the acceptability of the coefficients of variation can only be judged in 
relation to the use which it is intended should be made of the data, or the 
concentrations which are judged as being cause for concern. 
The Working Group then tur.ned to a consideration of intercalibration exercises for 
analyses of contaminants in sea water, in particular the plans for the ICES fifth 
round intercalibration exercise on trace elements in sea water. The Chairman 
reported that although there had been hopes that this exercise could have been 
performed during 1981, this will not be possible as no firm offers for ship time 
have been received. She reported, however, that a standing offer had been received 
for the use of land-based laboratory facilities from the Institut Scientifique et 
Technique des P~ches Maritimes. It was agreed that the Coordinating Group for 
the exercise should meet again during the vreek to re-evaluate the design of the 
experiment, taking into account the results of the recently completed report of 
the IOC Bermuda intercalibration exercise (PANCAL- 80). 
TAJ3LE I 
COEFFICIENTS OF V.ARIA.TION BEI'WEEN AN.ALYSTS FOR HEAVY JVJEI'ALS 
No. of Veluee Accepted Concentretion He an 
Reoidue ~ercise Submitted Rllnge C jlg/g). CjlYg) a.,d .. e.v .. Qualificetion 
C u 2 7 8.3 -10."'1 9·25 0 .. 72 ., .. ·a No ne 
3 20 2 .. 69 - ,5 .. 68 3.76 0 .. 6? 17 .. 9 No ne 
.5 36 0.4 - 4 .. 0 1.84 0 .. 71 38 .. 7 < o .. 4 as o .. 4 
Zn 2 7 23 -32 2'7 .. 2 3 .. 3 12 .. 0 No ne CD 
3 21 27 .. 8 --.52 .. 7 37·5 6 .. 0 16 .. 0 No ne l 
.5 36 12 .. 8 -37·3 22 .. 6 4 .. 4 19 .. 6 None 
Hg 2 8 0 .. 60 - o.83 0 .. '70 0,.07 10 .. 7 No ne 
3 16 0 .. 74 - 0 .. 94 o .. as 0 .. 06 7 .. 0 One high Talue ~mitted 
Sa 33 Oe047 ... Oo370 o.m 0.066 32 .. 0 No ne 
.5b 34 o. 019 - 0.131 o. O% 0 .. 030 .53 .. 0 All (2) <valuee and 2 high valuee omittød 
Cd 3 17 0.020 - 0 .. 17'7 0 .. 075 o .. ()56 ?4 .. 7 All {4)<.valuee and 3 high valuEte omitbd 
4 13 0.022 - o .. o6o 0 .. 041 0 .. 014 3.5 .. 0 Two high Telues omitted 
5 36 0.005 - 0 .. 100 0.033 .tJ .. 027 Bo .. ? AlJ. (5)<. vnluee and '' high nluee omitt8d · 
6 49 0 .. ,53 - 1 .. 11 o .. soo 1) .. 1,36 16 .. 9 No ne 
TABLE I (Contd.) 
No. of Valuee Aecepted Coneentråtion Metm 
Unnidur Exorei:m .CUbmittcd Rnnco (~g) <jlSis> ø.d • -c.T. Quali!'icaticn 
Pb 3 7.1 0.16 - 3.00 1.10 o.88 77-3 OM high Tal.Ue omitted 
4 13 0.03 - 1.)1 0.67 o. !to 6o." ODe hign Talue omitted 
5 ''33 0.018·- O.?(Yl 0.211 : 0.1~ ?1.7 All ('7) <TBlues and .2 high values omitted 
6b ~~ 0 • .2.2 - 4.,5 2.,56 1.'11 43.2 Olle high n.lue omitted 
6c 3.2 0.11 - 3.20 o.87 0.?2 82.5 No ne \.() 
. 
As 5 -16 s.~ -20.7 14.71 4.1? 28.2 3 lov Taluee Ol!litted 
Mn 5 15 0.,54 - 4.60 Oo90 0.28 31.6 OM high value omi tted 
Fe .5 1.5 ,5.7 -1,5.6 10.81 3 • .5 32.2 No ne 
Se .5 8 0.9,5 - 2.21 1.63 o.,a a>.lf- ODe <n.lue omi tted 
T..I\13LE II 
COEFFICIENTS OF V.ARIATION BETWEE:N ANALYSTS FOR ORG.ANOCHLORDJES 
Ro. of Valuoe Accepted Coneentratioa Mean 
Re,d.due Exercino a Submitted RBnr,e (~) (_llg/kg) a .. d .. Qualiticaticn c .. T .. 
IICB )B ? 14 - ?O 46 "18 .. 8 40.6 !bM 
4 22 )4- 116 6? .21 .. 9 )2 .. ? No ne 
5 15 13 - 70 36 14.5 41 No ne 
<OC-UCH 3B 7 29·50 it1 6 .. 4 1SoS • NoM 
4 23 10 - 131 49 21 .. ) 43 .. .5 One lo~ vslue omitted 
5 11 7 - 99 62 28.0 46 1-' None o 
l 
(J-HCH V. 4 10 ... 130 8o .56 70 No ne 
2B 8 ·6)0- 890 ?50 101 ,,_, OM lov vslue emitted 
3B 8 42 .... 8.5 .52 "14 .. 6 21·9 No ne 
~ 20 1 - 2.5 11 8 .. 1 ?1 .. 1 ODe hi~ value and .5 "le ~!a than" nluee omi thd 
5 11 5 - 50 21 18.1 89 None 
Dieldrln 2A 7 ?O ... 210 11.5 63 5.5 No ne 
2B 8 1300 .... 1600 144<> 98 6 .. 8 ODe low value omitted 
3B 9 .53 - 120 93 22 .. 7 2~ .. , No ne 
4 17 12 - 129 79 29 .. ,5 3? .. 4 No ne 
5 10 14 - 140 58 36.5 63 None 
p p-DDE 2A 9 340- 78o 4.50 137 30 No ne 
2B 9 4100 - 6,300 ,5260 1037 19.? No ne 
3B 9 83 - 128 101 13 .. 6 1) • .5 Olle lov T&lue omitted 
4 21 •32- 139 8o .30 .. 2· 38..0 OM lov, two high Taluee omitted 
5 17 - 343 221 57-7 26.0 None 
R~aiduc Exorciee8 
p p-DDT 2A. 
2B 
3B 
'• 5 
PCD 2A 
2B 
3B 
4 
5 
TABLE II (contd.) 
No. ot Values Accepted ConcentratioD Mean 
Submi tted .Range <;uøs> <;uøs> l!J.c!. e.v. Qualitication 
9 
9 
10 
25 
12 
9 
9 
10 
16 
13 
23 
23 
330 - 610 430 
4500 - .5900 4990 
1?5 - 220 196 
30- 220 113 
25 - 480 149 
1000- 3900 189'} 
.6-JOO - 11800 9960 
--944- 1190 10.59 
.. 1?.2 - 900 lt-51b 
-'190- 1500 863° 
70 - 255 193 
89 21 None 
530 10. 6 N.:lne 
12.7 6.5 Ono lov value emitted 
49.9 44.1 . Che high, o ne doubttul Talue 01li ttec! 
134.9 91 None 
9C7 48 No ne 
1060 10.6 Bone 
95.2 9.0 One lov, ene high value omitted. 
204.4 45.~ iVo high val~e omi tted 
431.8 50.0 Nonø 
41" 28% l 
48 -Jc-81 otee. a. lO~ Exercise A - ~pikacrt/~ 1,u 
2B - spika in fieh oil 
3B - · spike iu corn oil. 
4 - UDspiked fieb oll 
b. Vi thout I!JUl.phuric acid treatment 
o. W:ith eulphurie aoid treatment 
1-' 
1-' 
l 
6.10. 
6.11. 
6.12. 
6.13. 
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Conoerning the IOC interoalibration, Dr Bewers informed the Working Group about 
the results of the trace element investigations, for whioh he had served as 
Coordinator. He reported that three types of samples had been tested : 
(l) Niskin, (2) Go Flo and a modified Go Flo, and (3) Hydrobios, and three 
types of sampling wires had been used: (l) Kevlar wire, (2) plastic- coated 
steel, and (3) stainless steel. The samples had been taken in open ocean waters 
off Bermuda at a depth of 1300 m, where homogeneous distributions had been 
found for most trace elements. He reported that many laboratories from the 
ICES member countries had participated and that the plans developed by the 
MCWG for the ICES fifth round had been invaluable in developing the plans for 
PANCAL - 80. Thus, although ICES had not formally participated in the programme, 
its work had provided a streng contribution to the planning and execution of the 
IOC exercise. 
Dr Bewers stated that the results of the exercise indicated that for many metals 
a modified Go Flo sampling battle gives the best results, followed by a 
modified Niskin. The overall results seemed to indicate that sampling intro( s 
very little variance in the results, in contrast to the earlier anticipation 
that the use of different sampling methods would introduce a source of variance. 
Dr Palmork provided information on the results of the PCB programme of PANCAL-80, 
for which he had served as Coordinator. He stated that, although it had been 
possible to analyse total PCBs and individual PCB compounds down to a very low 
concentration (as low as 9pg/1), a number of problems had been identified. These 
involved not only variance introduced by the sampling and sample treatment 
procedures, but also problems in terms of distinguishing between dissolved and 
particulate-associated PCBs. On the basis of this investigation, Dr Palmork 
recommended that no monitori~ programmes concerning PCBs in sea water should be 
developed until the various problems associated with this type of work have been 
resolved. 
After considering the above items, the Coordinating Group for the ICES fifth 
round intercalibration of trace metals in sea water met and reconsidered the 
plans for this exercise. Dr Windom, Chairman of the Coordinating Group, 
presented the results of this meeting (attached as Annex 3) to the Working Group. 
He noted that, although the outline plans for this exercise are well develope~ 
it will take six months' time to prepare the final plans for this exercise after 
a firm offer of a research vessel has been received. Thus, it would be necessary 
to receive an offer by the 1981 Statutory Neeting if the exercise is to take 
place in 1982. 
The Working Group thanked the Coordinating Group for its efforts on this project 
and emphasised the need for oarrying out this intercalibration exercise in or~~~ 
to advance the requirements of the ICES programmes, which are mainly carriedr 
out in nearshore waters. It was noted that, although the Bermuda intercalibration 
PANCAL - 80 had provided much useful information, this had been conducted in 
apen ocean waters where the oonditions were quite different from those in the 
coastal areas, where ICES member countries were conducting most of their 
programmes. It was agreed, however, that if no firm offers are made to permit 
the conduct of the exercise in the near future, the Working Group would consider 
other ways of obtaining the needed information at its next meeting. 
STUDIES ON PETROLEUM HYDROCARBON ANALYSIS 
Report on the intercomparison study 
Dr La\v informed the Working Group about the resul ts of the first ICES inter-
comparison exercise on petroleum hydrocarbons, \vhich he and Dr Portmann had 
ooordinated. He reported that three samples had been'distributed to most 
participants: a crude oil (slightly weathered), a naturalQy contaminated marine 
se9iment and a mussel homogenate, A fourth sample, an aliphatic fraction of the 
crude oil, was only sent to analysts speci-
- 13 -
fically requesting it. æhirty-six sets of samples had been distributed and 
results had been received for 26 of these, from laboratories in eleven countries. 
As no analytical techniques had been specified for the exercise, a broad range 
of techniques had been used. The results showed that a reasonable agreement was 
obtained among laboratories for broad fraction analysis, but the·concentrations 
determined for specific hydrocarbons showed greater variation. Better inter-
laboratory agreement had been attained for analyses of the sediment sample than 
for the sample of biological materials, but it had not been possible to 
determine whether the problems with the biological materials were due more to 
sample variability or to greater analytical difficulties associated with 
biological tissues. Dr Law concluded his presentation by summarizing 
the recommendations for future work on this subject based on the experience 
gained in this first exercise. 
7.1.2. In che discussion of this report, several members suggested Ghat the 
conclusion concerning the good level of agreement achieved by the UV 
fluorescence method should note the fact that all participants bad used 
the same standards and similar wavelengths in this exercise. It was agreed 
that equally good results would probably not be obtained for different 
sediment samples as bad been found for the particular sediment sample used 
in this exercise. 
7.1.3. Based on this discussion, Dr Law and Portmann were requested to include 
some additional information in their report, stating what was meant by the term 
"total hydrocarbons" and ipreparing an annex showing the types of methods used 
by each participant and the problems associated with those methods. Dr 
Farrington agreed to ass is t in the pre para ti on of this annex: It ··was agreect. 
that any further co~~ents should be sent to the coordinators so that they 
arrived no later than·l April 1981. 
7.1.4. Noting that this was the first overall intercalibration exercise on petroleum 
hydrocarbon analyses, which is a very complicated subject, the Working Group 
expressed its great appreciation to Dr Portmann and Dr Law for their 
excellent work in coordinating the exercise. The Working Group then recommended 
that the report on the results of the intercalibration be published in the 
Cooperative Research Report series, with the results of the questionnaire on 
sampling and analysis of petroleum hrdocarbons (see next section) attached as 
an Annex (Recommendation 3). 
7. 2. REPORT ON TRE QUESTIONNAIRE ON SAMPLING AND ANALYSIS OF SEA WATER, SEDIMENTS AND 
DIOTA FOR TRACE ORGANIC COMPOUNDS 
1.2.1. Dr Portmann presented the report on the responses to this questionnaire, which 
had been developed to supplement the intercomparison exercise by determining the 
range of techniques available to analysts studying organic compounds, especially 
petroleum hydrocarbons. Completed questionnaires had been received from 29 
analysts, most of whom had participated in the intercomparison exercise. After 
summarizing the responses to each point on the questionnaire, Dr Portmann indicated 
that two of the problem areas identified by the responses were detection limits 
and sampling techniques. 
7.2.2. The Working Group agreed that this report contained very valuable information and 
felt that it would be useful if a table could be presented containing a summary 
of the methods used by each respondant. Dr Portmann agreed to prepare such a 
table. The Working Group expressed its appreciation to Dr Portmann for his 
excellent work and recommended that this report be annexed to the report on the 
results of the first intercomparison exercise on petroleum hydrocarbons and 
published in the Cooperative Research Report series (see para. 7.1.4.). 
7. 3. REPORTS ON OTRER NATIONAL OR INTERNATIONAL INTERCOMPARISON STUDIES 
7.3.1. Dr Osterroht informed the Group that an intercalibration workshop on petroleum 
hydrocarbon analyses would take place in Kiel during the last two weeks of March 
1981. The Workshop would be attended mainly by scientists from countries 
around the Baltic Sea. The major aim of the Workshop was to compare analytical 
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methods for the determination of petroleum hydrocarbons in sea water, 
particularly the UV fluorescence method as recommended by UNESCO (IGOSS). 
Dr Farrington provided information about the following relevant activities in the 
United States: 
(a) The National Bureau of Standards (NBS) has sponsored two intercalibration 
exercises on the analysis of petroleum hydrocarbons using mussel samples. The 
main methods us ed v1ere GC and GC/MS. Reports on the re sul ts are novT available. 
NBS also has a small programme concerned with the preparation of reference 
material&!. 
(b) The National Oceanic and Atmospheric Administration is presently carrying out 
intercalibration exercises on petroleum hydrocarbons, especially polynuclear 
aromatic hydrocarbons, in sediment samples. 
(c) The US Environmental Protection Agency has conducted an intercalibration 
exercise using the same mussel homogenate sample that had been used in the 
ICES intercalibration. 
7.3.3. Finally,it was noted that there would be a meeting under the auspices of IOC 
in March 1981 to examine the advantages and disadvantages of analysing oil in 
sea water using UVF and GC. On the basis of the results of this meeting, it was 
hoped that a recommendation could be made concerning the best analytical method. 
7. 4. FUTURE ACTIVITIES 
7.4.1. TheWorking Group considered the fifth conclusion in the report of the results 
of the first ICES intercomparison study of petroleum hydrocarbon analyses, in 
which Dr Law and Dr Portmann had proposed the outline for a second intercomparison 
exercise. The Working Group agreed that an exercise along these lines should be 
developed and regretted that Dr Portmann and Dr Law would not be in a position to 
coordinate it. 
7.4.2. After same discussion, Dr Farrington and Dr Knap offered to serve as coordinators 
of the second exercise on the condition that they were able to obtain increased 
funding for the on-going intercalibrations concerning sediments and mussels in 
the United States. If this is possible, they agreed to prepare a paper for the 
1981 Statutory Meeting giving a detailed proposal for the exercise on the basis 
of conclusion number 5 and discussions with other members of the Working Group. 
7.4.3. The Working Grouu gratefully accepted this offer and passed Recommendation 4 on 
the conduct of this exercise. 
7.4.4. As the second intercomparison exercise would only deal with petroleum hydrocarbons1 
in sediments and biological tissues, the Working Group then discussed the rneans 
to advance the methodology for determinations in sea \vater. It vras agreed that 
befare an intercomparison exercise could be carried out, certain studies needed 
to be conducted on the analytical problems involved in the determination of oil 
in sea \vater. For one such study, the follmving proposal was draft ed: 
An examination of the capability of UVF methodology to detect different oils 
in sea water should be conducted. At least six oils of different arornatic 
character and composition should be spiked to coastal sea water samples and 
the IGOSS or similar UVF methodology applied to the analysis of these sac'Jple;o, 
All results should be calculated using each oil as a standard for the l~t 
method. This should result in a series of six or more concentration valuos 
for a given sample. By comparison of these values for each of the spiked 
sea water samples, \•Te should gain valuable insight into the advantages and 
disadvantages of the UVF methodology in preparation for an intercomparison 
exercise on the analysis of oil in sea vrater. 
Dr Bewers indicated that he thought Dr Levy of his laboratory would he 
Willing to undertake the proposed study and agreed to check wh~ther this would 
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be possible. 
8. CARJ30N DIOXTilE CYCLING IN THE OCEANS 
8.1. The Chairman reminded the Group that this subject had been brought up by 
Professor K. Grasshoff at the first meeting of the Group with a view of 
determining whether ICES could make a contribution to other on-going studies 
of the role of the oceans in the global co2 cycle. Unfortunately, Professor Grasshoff had been unable to attend the meeting, but Professor Poisson from 
the University of Paris had agreed to attend the meeting for the discussion of 
this subject. 
8.2. Professor Poisson gave a background description of the C02 cycle, indicating the 
order of magnitude amounts of carbon contained in the atmosphere, oceans, organisms 
etc. He stated that, by the end of this century the concentration of co2 in the 
atmosphere will double and this will influence the co2 cycle in the oceans. An 
important question in this regard is, thus, what is tne capacity of the oceans 
to absorb this increase in C02 in the atmosphere? He then presented a description of the buffering capacity of the oceans and the factors affecting it. 
A summary of Professor Poisson's presentation is contained in Annex 7, 
8.3. The Working Group then discussed the possible contribution that ICES could make 
to the studies on this subject. It was felt that perhaps the best area of study 
from the ICES standpoint might be a consideration of whether the increase in 
co2 may result in an increase in primary production. Noting that there were 
several studies in the Baltic Sea which might provide relevant information, the 
MCWG decided to pass the suggestion on to the ICES/SCOR Working Group on the 
Study of the Pollution of the Baltic that it may be interesting to look into the 
C02 cycle in the Baltic Sea in relation to primary production levels and relevant hyarographic and hydrochemical parameters. 
8.4. In closing the discussion of this subject, the Working Group thanked Professor 
Poisson for his presentation and assistance in the consideration of this matter. 
9 • THE USE OF TRACER.S FOR THE STUll Y OF THE MOVEMENT OF SUBSTANCES IN THE MARINE 
ENVIRONMENT 
9.1. The Chairman reminded the Group that at last year's meeting it had been agreed 
that members should prepare ~eview documents on the use of radionuclide analogues 
in the study of the natural marine environment and send them to the Environment 
Officer for compilation. Only two members, Dr Weichart and Dr Jensen, had sent 
in papers before the meeting. Dr Weichart's paper had provided information on 
studies being conducted in the Federal Republic of Germany whereby measurements 
have been made of various environmental radionuclides to study the circulation 
and mixing of ocean waters, the air-sea transfer of soluble gases, and sedimentary 
processes. Dr Jensen had provided a summary of a study of environmental radio-
activity in Denmark in 1979. 
9.2. At the meeting, Dr Thibaud provided a paper with information on studies carried 
out in France using radioisotopes as tracers in the marine environment, i.e., 
a study using 3H and 14c to follow the movement of water masses, a study of 
turbulence in the Baie de Seine, and an investigation of the movement of trace 
metals in certain estuaries, e.g., the Gironde. 
9.3. Finally, it was noted that, although Dr P.G.W. Jones had not yet been able to 
finish the review he had undertaken to produce on the use of tracers in the study 
of, e.g., water movements, it would be available at the next meeting of the Group. 
The Working Group looked forward to seeing this report and agreed that members 
with additional information on this subject should senå it to Dr Jones in 
Lowestoft or to the ICES Secretariat for transmission to Dr Jones. 
10. 
10.1. 
10.2. 
10.3. 
11. 
11.1. 
11.2. 
11.-3. 
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MEJIIHODS FOR PRIMARY PRODUCTION AS AN ALTERNATIVE TO THE 14C MEJIIHOD - TEXJHNIQUES 
AND CONCEPrS 
The Chairman informed the Group that the· JCES Worki.ng Gro'up on Primary Production 
Methodology had asked the MCWG for advice on alternatives to the 14c method of 
measuring primary production. The Chairman had requested Dr Weichart to consider 
this issue and report his suggestions to MCWG. 
Dr Weichart then presented a paper (attached as Annex ) in which he suggested a 
method for the determination of primary production from changes in the 
concentrations ofC02, o2, and nutrients in the open water. He mentioned that this 
method had been usea: in the "Fladen Ground Experiment (FLEX:'76)" in the North Sea 
in the spring of 1976. It had permitted an integration over about ten days and 
thus had provided longer term information on daily ch~es in primary production, 
which is not possible in incubation experiments using c. 
The vlorking Group felt that this paper present ed a valuable approach to the su t 
and asked the ICES Secretariat to forward it along with a report by Dr Weichart 
on results obtained in the Fladen Ground Experiment ("Chemical changes and 
primary production in the Fladen Ground area (North Sea) during the first phase 
of a spring phytoplankton bloom" Meteor Forsch. Ergebnisse A 22:79-86 (1980)) to 
the Chairman o.:f the Working Group on Primary Production Methodology. It was 
further agreed that members with additional information on this subject should 
fo~vard it to the ICES Environment Officer to arrive no later than 15 May 1981, 
for transmission to the other Working Group. 
PROGRAMME FOR THE PUJ3LIOATION OF LEAFL:ElrS ON "TJ!DHNIQUES IN MARINE CHEMISTRY" 
The Chairman opened the discussion of this subject by reminding the Group that 
its recommendation from last year's meeting for the establishment of a new series 
of leaflet publications entitled "Techniques in Marine Chemistry" had been 
approved by the Council. It was now necessary to decide the format of these leafletf 
the subjects to be covered in the near future and the persons who should assist in ~ 
this work. 
After some discussion, it was agreed that a draft format should be prepared by 
correspondence among a small number of persons and then distributed to all members 
for comment. The format drafting group will consist of: Dr de Barros, Dr Harms, 
Dr Fonselius, Dr Kerkhoff, Dr Palmork and the Environment Officer. Drafts 
of the first one or two leaflets should also be circulated to all members of the 
Working Group. After these have been accepted, nev1 drafts will only be rev±ewed 
by an editorial board for the relevant subject. It was agreed that the editorial 
boards should consist of the following persops: 
Nutrients Metals Organics 
Dr S. Carlberg Dr S. Berman Dr M. Kerkhoff 
Dr F. Koroleff Dr U. Harms Dr R. Law 
Dr S. Fonselius Dr Y. Thibaud Dr K. Palmork 
Dr B. Boutier Dr G. Topping Dr J. Port mann 
Dr J. U the 
Dr P. Michel 
Concerning the topics of the first leaflets, the editorial board for nutrients 
agreed to prepare draft leaflets for several methods, beginning with dissolved 
orthophosphate. Dr Harms indicated that he would be willing to prepare a leaflet 
on trace metal analyses in biological tissues. Dr Kerkhoff offered a leaflet on 
the quantification of PCBs and Dr Palmork one on analysis of PCBs in sea water. It 
\vas agreed that the \vork should proceed intersessionally so that several leafiets 
will be ready before the next meeting of the Gr.oup. 
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12. POSSIBILITIES OF FURTHER WORK ON PROBLEMS RELATED TO INCINERATION AT SEA 
12.1. The Chairman reminded the Working Group that at the last meeting it bad been 
agreed that Dr Hoogweg should prepare a paper on the composition of exhaust 
gases from the incineration of organochlorine wastes at sea, for presentation 
to the Advisory Committee on Marine Pollution (ACMP) at its October meeting. 
This paper bad been noted by ACMP, who remitted it to the Working Group 
for its comments and conclusions. 
12.2. Dr Hoogweg presented this paper, "Incineration of Chemical Wastes at Sea, 
A Short Review," prepared by Dr H. Compaan at his Institute, to the Working 
Group. The results of this paper showed that when the correct conditions 
for incineration at sea are used, there are almost no uncombusted organochlorines. 
Nearly all studies have shown that organochlorines are destructed with an 
efficiency of 99.94%. No harmful effects on the marine ecosystem have been found. 
12.3 Dr Hoogweg also noted that three papers bad been presented at the meeting of the 
Standing Advisory Committee for Scientific Advice (SACSA) of the Oslo Commission 
in November 1980. Two of these papers were concerned with the air pollution 
aspects of incineration at sea and the third with destruction efficiency of 
inc.t. ~ation. These papers bad also come to the same conclusion, that under proper 
opera~ing conditions, only a very small amount of uncombusted organochlorines 
are released, mostly below or slightly above the detection limit. 
12.4. The Working Group took note of this information and agreed to forward it back 
to ACMP, indicating that several other organisations are conducting work on this 
subject and MCWG feels that it cannot contribute more to this work at the 
present time. 
13. OVERVIEWS ON FLUXES AND TRANSPORT OF POLLUTANTS IN THE MARINE ENVIRONMENT 
13.1 Cadmium 
13.1.1. Dr Bewers presented his paper 11 Cadmium in the Marine Environment: An Overview," 
which he bad prepared as a result of the agreements made at the first Working 
Group meeting that reviews should be developed on the distribution, behaviour 
and transport of certain substances in the marine environment. He pointed out 
that the overview covered mainly the physical and chemical aspects of the 
transport and cycling of cadmium, but not the biological aspects nor ecotoxicity. 
13.1.2. After some discussion, the Working Group approved the report for transmission to 
ACMP. It expressed its gratitude to Dr Bewers for his work in preparing the 
report. 
13.1.3. In this connection, Dr Jensen drew the Group's attention to a report which 
bad recently been published by the National Agency of Environmental Protection 
in Denmark on "The Ecotoxicity of Cadmium in Fresh and Sea Water and Water 
Pollution with Cadmium in Denmark." An important conclusion of this report 
is that cadmium is very toxic to organisms in freRh water ecosvstems hAr.Rll~P. 
cadmium .exists in ionic form, while it is less toxic to organisms in marine 
ecosystems, where cadmium exists almost entirely in complexed t'orm. 
13.2. PCBs 
13.2.1. Dr Portmann presented the paper he bad prepared on "PCBs in the Marine 
Environment -An Overview." He noted the various difficulties that bad been 
encountered in preparing this paper, especially in extrapolating information 
from the North Atlantic to the entire world oceans. The paper reviewed the 
structure and form of PCBs, their production and use, and the pathways by 
which they enter the marine environment. It then provided typical values for 
the concentration ranges of PCBs in the various compartments of the marine 
environment and estimates of the transfer of PCBs from one compartment to another. 
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13.2.2. There were a number of comments made on the paper. Several members requested 
that qualifying statements be made concerning the estimates of the quantity 
of PCBs contained in the sediments. Dr Portmann agreed to amend the paper 
in accordance with the comments made. 
13.2.3. The MCWG approved the report, as will be amended, for transmission to ACMP. 
It expressed its gratitude to Dr Portmann for his work in preparing the 
paper. 
13.2.4. In the discussion of these two overview papers, it became apparent that 
at least several members felt that there was a danger that the generalised 
statementsand global estimates contained in the overviews could be 
misinterpreted by some of the persons reading them. Thus the Group agreed that 
Dr Bewers and Dr Portmann should draft a statement indicating the purpose 
and conditions of these overviews. This statement should be placed as a 
preface to these and future overviews when they appear in printed form. 
13.2.5. The Working Group then noted that either the ACMP or the Working Group 
on Marine Pollution Baseline and Monitoring Studies in the North Atlantic 
(WGMPNA) had added to the text of the overview on mercury which had been 
discussed and agreed by the MCWG at its second meeting. In particular, a 
fifth conclusion had been added. There was no dissent from the view that changes 
by ACMP were in order or that other groups should be able to pass comment 
on reports by MCWG. However, it was pointed out that unless the origin 
of such comments or changes were made clear, there was a danger that MCWG 
members might be embarassed by the final text. It was agreed that this was 
a procedural difficulty which the ICES Secretariat should seek to avoid in the 
future. 
After sorne discussion on the actual words used in the added fifth conclusion, 
it was agreed that a moregenerally acceptable formulation of the wording 
as recorded in the annex to the 1980 ACMP report would have been as follows: 
"Although sediments represent the major site of accumulation of mercury in 
inshore and coastal waters, the monitoring of mercury in these waters is 
possible by the measurement of body burdens of mercury in some organisms 
which by careful selection will reveal the spatial and temporal (in the 
order of 6 months to a year) trends of the mercury concentration." 
13.2,6. Finally, the point was raised that in some countries an impression has 
been formed that the MCWG is a sub-group of or subordinate to the WG MPNA, 
because the latter group has in the past discussed several reports prepared 
by members of MCWG. It was felt that one way of overcoming this impression 
would be if WG MPNA were asked to make any comments on MCWG overview papers 
(or any other papers) in the form of an additional paper which could be 
attached to the original paper. In this way, the work conducted under each 
group would be separate and identifiable. 
13.2.7. The Group then discussed whether the work on the preparation of overviews 
should be continued by studying other substances. It was felt that this 
could be very useful and several substances were mentioned, including lead 
and PCTs. The speciation of metals was also considered to be a useful topic. 
13.2.8. Dr Jensen agreed to prepare a paper on the production, uses and levels in 
the marine environment of PCTs. He stated that this would not include 
estimates of fluxes. Dr Nounou raised the issue of whether the Group should 
undertake studies of the marine chemistry of other substances, such as 
fluorinated hydrocarbons, silver, zinc, chromium and other metals. The Group 
requested Dr Nounou to prepare a paper on this subject to act as a basis 
for discussion at the next Working Group meeting. Finally, the Group agreed 
14. 
15. 
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that all members should prepare a list of priorities on which substances should_ 
be studied for consideration at the next meeting, 
METHODOLOGY FOR THE MEASUREMENT OF RIVER INPUTS 
It was noted that1 owing to the illness of the coordinator of this project, a 
report was not yet available giving a sampling design to measure gross riverine 
export. The Group looked forward to seeing this report at its next meeting. 
DEVELOPMENT OF STANDARD SAMPLES WITH POLLUTANTS AT AMBIENT LEVELS 
Dr Berman informed tne Working Group tbat the National Research Council of Canada 
has a programme to develop reference materials for trace metals in sediments 
and trace metals in sea water. For marine sediments, two reference materials 
have recently become available. Reliable values in these materials are known for 
the trace metals Be, V, Cr, Mn, Co, Ni, Cu, Zn, As, Sb, Cd, Hg and Pb, and for 
the matrix and minor constituents C, Na2o, MgO, Al203 Si02 , P20s, S, Cl, K20, CaO, Ti02 and Fe2o3 . Concerning sea water rererence materlåls, Dr Befman reported tbat storage exper1ments are now being conducted to determine whether the integrity 
of metals can be maintained in sea water, He indicated that this work has 
resulted in the development of improved analytical techniques for the separation, 
isolation, concentration, etc. of trace elements in sea water and sediments. 
16. ANY OTHER BUSINESS 
16.1 The Working Group took note of a report on the results of the first and third 
intercalibration exercises on trace metals in sea water, which bad been prepared 
by the Coordinator, Dr. P.G.W. Jones, It was noted that this was the final 
report on this exercise and any comments should be sent to Dr. Jones in 
Lowestoft no later than l April 1981. The Working Group approved the report 
for publication and asked the UK members of the Group to express their gratitude 
to Dr. Jones for his work in coordinating these intercalibration exercises, 
16.2 The Working Group took note of the "Extended Report on the Mini-Symposium on 
Transport Processes in Estuaries and Nearshore Zones", which bad been composed 
by the Convener, Professor G. Kullenberg. This Mini-Symposium bad taken 
place at the 1980 Statutory Meeting and considerations were now being given 
as to whether a full symposium should be held on the subject, The Working 
Group felt that it would be very valuable to hold such a symposium and 
recommended tbat it be multi-disciplinary in character, with a very broad 
approach taken to the subject, 
17. APPROVAL OF RECOMMENDATIONS AND DEADLINES 
18. 
The Working Group reconsidered and approved the first four recommendations 
discussed earlier and adopted Recommendation 5 on the next meeting of the Group, 
The Recommendations are attached as Annex 5. The tasks and deadlines agreed 
for the intersessional period appear in the Action List in Annex 6, 
CLOSURE OF THE MEETING 
The Chairman thanked the members for their good work during the meeting and, 
on behalf of all the participants, expressed appreciation to the host Institute 
for the excellent meeting arrangements and assistance during the meeting, 
She closed the meeting at 17.00 hrs on 19 February 1981. 
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ANNEX l 
MARINE CHEMISTRY WORKING GROUP 
l, Adoption of the agenda, 
2. Report of the 68th Statutory Meeting. 
3. International activities of interest to the Group. 
3.1 ICES/SCOR Working Group on the Study of Pollution in the Baltic, 
3.2 Joint Monitoring Group of the Oslo and Paris Commissions. 
3.3 Others. 
4. Reports on projects and studies from Working Group Members. 
5. Reports of the intercalibration studies for heavy metals and organochlorines. 
6. Future activities following the intercalibration exercises. 
7. Studies on petroleum hydrocarbon analysis. 
7.1 Report on the intercomparison study, 
7.2 Report on the questionnaire on sampling and analysis of sea water, 
sediments and biota for trace organic compounds. 
7.3 Reports on other national or international intercomparison studies. 
7.4 Future activities. 
8, Carbon dioxide cycling in the oceans, 
9. The use of tracers for the study of the movement of substances in the 
marine environment. 
10. Methods for primary production as an alternative to the 14c-method: 
techniques and concepts. 
11. Programme for the publication of the leaflets on "Techniques in Narine Chemistry". 
12. Possibilities of further work on problems related to incineration at sea. 
13, Overviews on fluxes and transport of pollutants in the marine environment. 
13.1 Cadmium. 
13.2 PCBs. 
14. Methodology for the measurement of river inputs, 
15. Development of standard samples with pollutants at ambient levels. 
16, Any other business. 
17. Approval of recommendations and deadlines. 
18. Closure of the meeting. 
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5TH ROUND INTERCALIBRATION ON TRACE ELEMENTS IN SEA WATER 
The Coordinating Group for the 5th round intercalibration exercise on trace 
elements in sea water met on 17 February 1981. Present at the meeting were: 
H. Windom (Chairman), J. M. Bewers, J. 6lafsson, Y. Thibaud, G. Topping and 
G, Weichart. 
This meeting was convened in response to the Working Group Chairman's request 
to re-evaluate the design of the fifth round, taking into consideration the 
results of the recently completed I.O.C. report on its Bermuda intercalibration 
exercise (PANCAL-80). The Coordinating Group discussed the location, design 
and logistics of the fifth round exercise. 
Location 
Because cooperative programmes involving trace element analyses among ICES 
countries are likely to be conducted in coastal regions, the fifth round 
should be carried out in European continental shelf waters. This would be 
logistically wise and would also provide an opportunity to consider problems 
associated with sampling in those waters that were not addressed in the 
PANCAL-80 exercise. 
In view of the results of PANCAL-80, the Coordinating Group feels that the 
fifth round could also be a training exercise for laboratories wishing to gain 
experience in trace element sampling and analysis of sea water. A number of 
ICES laboratories participating in the PANCAL-80 exercise showed their ability 
to perform high precision analyses of trace elements in sea water and three 
or four of these laboratories could serve as 11expert or core laboratories". 
The results of analyses of samples by the less experienced laboratories could 
therefore be compared to those of the "core laboratories 11 as well as to each 
other. This would provide some basis for a consideration of the accuracy of 
the results. 
The fifth round should also evaluate problems associated with sampling in 
shallow, nearshore waters. The following are some of the questions which the 
Coordinating Group feels should be answered: 
l. Which method of sampling results in the least contamination? 
It was felt that the best comparison would be between pumping 
(peristatic pump using silicone tubing) and discrete sampling 
using modified Go Flo bottles on Kevlar or plastic-coated steel. 
2. Are variations in trace element concentrations in shallow, nearshore 
waters larger than variations introduced by sampling and analyses 
by participating laboratories? 
3. Can samples be filtered or centrifuged without introducing significant 
contamination? 
4. What are the relative merits of different types of storage bottles 
and storage methods (i.e., acids, time, etc.)? 
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These questions may best be answered through a programme of analyses 
conducted by the 11 core laboratories 11 , 
Logistics 
As was emphasised by the Coordinating Group in the Second Report of the 
Marine Chemistry Working Group (C.M.l980/C:l, Annex V), the logistics and 
details of the design of the fifth round cannot be carried further until 
commitments are made for the provision of a ship and the shore-based labora-
tory facilities necessary for the conduct of the exercise. At the present 
time, there is a standing commitment for land-based analytical laboratory 
facilities by the Institut Scientifique et Technique des Peches Maritimes. 
Once a firm commitment to provide a ship has been made, a new Coordinating 
Group should be formed following the recommendations given in C.M.l980/C:l, 
Annex V, Part 3. 
- 26 -
ANNEX 4 
Determination of primary production from changes of C02 , 02 , and 
nutrients in the apen water. 
Dr. Gunter Weichart 
Remark: Alkalinity is not considered, because it is not 
changed by primary production. 
Growing phytoplankton consumes co2 and nutrients and produces 
o2 • So, primary production can, in principal, be determined 
by measuring the temporal changes of co2 , 0 2 , or a nutrient 
in the open water. 
The co2 uptake (co2 can readily be determined from pH, 
alkalinity, temperature and salinity) and the o2 release by 
the phytoplankton are very closely related to the primary 
production itself, whereas the uptake of the nutrients is 
not always proportional to primary production. From this 
point of view the co2 and o2 methods would be more appro-
priate. On the other hand, o2 and, to a certain extent, 
also co2 are exchanged between the water and the atmosphere. 
From the nutrients we consider phosphate and fixed N. Silicate 
is omitted, because its uptake by the phytoplankton is in 
many cases not proportional to primary production. 
The changes of co2 , o2 and nutrients in the water always 
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reflect the gross primary production minus the respiration 
of all organisms, i. e. a special sort of net primary pro-
duction. 
For the determination of primary production from the changes 
of co2, 02, and nutrients in the open water, a number of 
conditions must be fulfilled at the same time: 
1) The primary production must be relatively strong, so 
that the changes in the water are measurable and the 
exchange of co2 and 02 with the atmosphere may be neg-
lected. 
If we consider e. g. a net primary production of 
0,1 g C m-3 • d- 1 , 
the daily change of pH in the open sea would be 
ca. +0,02 (e. g. atT= 6 °C, S = 35 °/oo, in 
the pH range 8,1 to 8,3 it would be +0,017), 
the daily change of o 2 concentration would be 
+8 ?mol/l (+0,2 ml/l), 
the daily change of P concentration would be 
-0,07 ?g-at/l ( -2 flg/l), 
the daily change of N concentration would be 
-1 ,o ?g-at/l (-15 pg/1). 
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From these numbers and from the precision of the methods 
it is obvious that for a one day experiment the net 
primary production must be ca. 0,1 g C • m-J • d- 1 or 
more. For an experiment of some days the primary pro-
duction may be less than 0,1 g C • m-3 • d- 1 • 
2) Water samples must always be taken from the same phyto-
plankton patch within the same water mass. 
J) The phytoplankton patch, in which the temporal changes 
of co2 , o2 , or a nutrient are observed, must be large 
enough, so that during the experiment the horizontal 
and vertical mixing with the surrounding and under-
lying water may be neglected. 
In nature, the coincidence of all these conditions is 
rather scarce. So, the determination of primary production 
from the temporal changes of co2, 02, or a nutrient in the 
open water is only limited. An example for the successful 
application of the co2 and nutrient methods is the deter-
mination of the net primary production in the North Sea 
(Fladen Ground) during the first two weeks of a 
plankton bloom. 
phyto-
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RECOMMENDATIONS 
Recommendation l 
The Marine Chemistry Working Group recommends that the "Report of the fifth 
intercalibration exercise on analyses of PCBs in biological materials" by 
Dr, J. F. Uthe be published in the Cooperative Research Report series, 
Recommendation 2 
The Marine Chemistry Working Grouprecommendsthat a sixth intercalibration 
exercise on the analysis of PCBs in biological tissues be conducted in 1982 
with Dr. J. F. Uthe (Canada) as Coordinator, with the aim of attaining a 
satisfactory level of agreement among analysts. The exercise should utilize 
two oils, one spiked and the other unspiked, and analysts should employ a 
standard method of analysis as well as their own method. 
Recommendation 3 
The Marine Chemistry Working Group recommends that the "Report of the first 
ICES Intercomparison Exercise on Petroleum Hydrocarbons 11 by Dr. R. J. Law 
and Dr. J. E. Portmann be published 1 along with the results of the questionnaire 
survey on methods, in a volume of the Cooperative Research Report series. 
Recommendation 4 
The Marine Chemistry Working Group recommends that a second intercomparison 
exercise on petroleum hydrocarbons in marine samples be conducted in 1982 
under the coordination of Dr. J. Farrington and Dr. A. Knap (USA), with the 
aim of determining the level of interlaboratory comparability of analyses for 
total oil (or oil equivalents) and specified compounds in samples of marine 
sediments and biological tissues. Each participant will be required to 
report their results according to a standard protocol and to provide full 
details of their methodology, 
Recommendation 5 
The Marine Chemistry Working Group recommends that the next meeting of the 
Group be held for four days in mid-February 1982 at ICES Headquarters in 
order to consider: 
(l) progress in the development of analytical methods for determining 
lead in biological tissues; 
(2) progress in the development of methods for analysing and quantifying PCBs; 
(3) progress in the study of petroleum hydrocarbon analyses, and 
(4) the overview paper on PCTs in the marine environment and additional 
overviews. 
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ANNEX 6 
ACTION LIST 
1. Dr. Harms (Coordinator), Dr, Berman, Dr. Jensen, Mr. Olafsson, Dr. Topping 
and Dr. Windom to carry out intersessional work on the identification of 
problems in the determination of lead in biological materials (para 5.1.5). 
2. Dr. Utbe, in consultation with Dr. Kerkhoff and Dr. Palmork to prepare 
a detailed protocol for a sixth intercomparison exercise on the analysis of 
PCBs in biological materials (para 5.2.4). 
3. Dr. Farrington and Dr. Knap to explore the possibility of coordinating the 
second intercomparison exercise on analyses of petroleum hydrocarbons in 
sediments and biological materials and to prepare a paper for C.M.l981 
giving detailed proposals (para 7.4.2). 
4. Members with additional information on the use of radionuclide tracers to 
study the movement of substances in the marine environment to send this to 
Dr. P.G.W.Jones, Fisheries Laboratory, Lowestoft, Suffolk NR33 OHT, United 
Kingdom, or to the ICES Environment Officer no later than l September 1981 
(para 9.3). 
5. All members with additional information on methods for the measurement of 
primary production, especially the one presented in Annex 4, should send it 
to the ICES Environment Officer to arrive no later than 15 May 1981. 
6. Dr. de Barros, Dr. Harms, Dr. Fonselius, Dr. Kerkhoff, 
ICES Environment Officer to prepare a draft format for 
in Marine Chemistry" for distribution to all members. 
Dr. Fonselius, Dr. Harms, Dr. Kerkhoff and Dr. Palmork 
as indicated in para 11.3 (paras 11.2 and 11.3). 
Dr. Palmork and the 
the leaflets on "Techniques 
Thereafter, Dr. Carlberg, 
to prepare leaflets 
7. Dr. Jensen to prepare a paper for the next meeting on the production, uses and 
levels of PCTs in the marine environment (para 13.2.8). 
8. Dr. Nounou to prepare a paper on the subject of whether the Group should 
undertake studies of the marine chemistry of such substances as fluorinated 
hydrocarbons, silver, zinc or chromium, to act as a basis for discussion 
at the next meeting (para 13.2.8). 
9. All members to prepare a list of priorities on which substances should be 
considered for the preparation of overviews for discussion at the next 
meeting (para 13.2.8). 
10. Dr. Duinker, in consultation with Drs. Windom and Bewers, to prepare a draft 
paper describing procedures by which river inputs might reliably be measured. 
The paper should be sent to the ICES Environment Officer by 31 August 1981 
for distribution to MCWG members (para 14 and Report of Second Meeting of MCWG, 
paras. 10.2 and 10.3). 
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ANNEX 7 
THE co2 PROBLEM. 
The partial pressure of co2 in atmosphere befare the begin-
ning of the industrialization has been estimated to be between 285 and 305 
-
6 9 4 . . f IO atm. In I 7 ,1t was about 33I ppm. The 1ncrease o annual average co2 
concentrations in air has been estimated to more than 3°/o over the I959-
7I period and the rate of increase has accelerated to more than I ppm/year 
in the last decade.This leads to a previsional co2 atmospheric concentration 
around 380 ppm in 2000 and 534 ppm in 2025,with the more optimistic scena-
rio.This is mainly due to combustion of fossil fuels,intensification of a-
griculture and destruction of part of the world forest. 
The carbon content of natural reservoirs have been estimated 
by various authors.This estimations are not all in good agreement but it is 
possible toget an idea of these contents by the following ( Skirrow,I975): 
- atmosphere (in I973) 
- terrestrial biosphere 
- ocean 
- inorganic Carbon 
- above thermocline 
- deep-sea 
- organic Carbon 
- calcareous tests+detrital car-
bonates 
- organic C in sedimentary rocks 
- carbonate rocks 
6.75 I0 17 g.C 
16.4 
387.5 
7.5 
370. 
IO. 
I2.9 
68200. 
I83000. 
The fluxes of carbon between the natural reservoirs have 
also been evaluated (Skirrow,I975): 
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- atmosphere - sea 
- indusrial co2 (ca.1970) 
- photosynthesis on land 
photosynthesis in the sea 
weathering of carbonate rocks 
oxidation in the sea 
0.7 10 17 g.C/year 
0.04 
0.5 
0.5 
0.005 
0.45 
To be able to predict the evolution of co2 content in atmosphere 
in the next decade,the oceanographers have to answer to the fondamental ques-
tion:what is the response of the ocean reservoir to the increase of pco 2 in 
air.The main phenomenons to understand are then the cinetic of the exchange 
of co2 between atmosphere and sea,and the cinetic of the transport of co2 
by the different -water rnasses.And for the long term evolution,the capacity of 
the ocean to absorb the increase of pC0 2 in the atrnosphere must be known. 


